Increasing interests have been shown in associations between socioeconomic status (SES) and obesity in relation to health inequality. The research objectives were 1) to examine associations between SES and child obesity (including overweight) in Korea over 10 years and 2) to explore possible underlying mechanisms of relationships between SES and obesity. This study used the nationally representative data (KNHA-NES) from 1998, 2005, to 2009. Children (10 -18 year-old) were grouped by household income (low, middle-low, middle-high and high) adjusted for the number of family members. Z-scores of height, weight, and BMI for each child were calculated from measured anthropometric data using the 2007 Korean national growth charts. No statistically significant associations were found, however, changes in association patterns were noted. The lower SES group showed shorter height as well as lighter weight among Korean children. More research should be conducted to understand the effects of socioeconomic status on child obesity.
INTRODUCTION
Obesity in children has been increasing worldwide [1, 2] and has emerged as a health issue. Childhood obesity is important because it negatively affects children in many aspects of life and because pediatric obesity is linked to a risk to obesity [3, 4] and chronic disease such as type 2 diabetes [5] and cardiovascular disease [6, 7] in adulthood.
The nature of associations between socioeconomic status (SES) and obesity has been researched in relation to health equality [8] . The different results, however, have been reported depending on the industrial development status of a country [9] [10] [11] [12] [13] [14] [15] [16] . Previous studies reported that inverse associations between obesity and SES are often found in developed countries. That is, individuals with low SES are at increased risk of obesity than those with high SES. On the other hand, individuals with high SES tend to be more obese than those with low SES in developing countries. Although Korea is a nation that successfully transited from developing to developed stage of economic development, only a few studies [17] [18] [19] have monitored the relation between SES and obesity, especially among children. In addition, the mechanisms of associations between SES and obesity remain to be unclear.
The objectives of this study were 1) to determine the nature of possible relationships between SES and child obesity (including overweight, BMI ≥ 85th percentile of BMI-for-age) in Korea over time and 2) to explore possible underlying mechanisms of relationships between SES and obesity by examining specific relationships of SES with height, weight, and BMI.
SUBJECTS AND METHODS
Study samples of this study were Korean National Health and Nutrition Examination Survey (KNHANES) from the 1998, 2005, and 2009, which provided nationally representative data [20] [21] [22] . KNHANES included data on general characteristics including SES, health behaviors, and health and medical conditions. This study used household income as an indicator of children's SES because it was the only SES variable consistently available for each child in KNHANES datasets. The household income was adjusted for the number of persons in household. The subjects were grouped into quartile as low-, middle low-, middle high-, and high-SES group by sex and age of each child [20] [21] [22] .
The directly measured anthropometric data (height, weight and body mass index (BMI)) were transformed to the age-and sex-specific percentiles based on the 2007 Korean Growth Charts [23] . The KNHANES adapted complex sampling design, therefore all statistical analyses were conducted taking into account of sampling strata, cluster, and weight, using SPSS software (version 20.0; SPSS Inc., IBM Corp., NY, USA). χ 2 -tests were conducted to examine differences of overweight and obesity prevalence among SES groups by sex and age. Multiple logistic regression analysis was conducted to test associations between overweight and obese and SES, adjusting for sex and age. We also examined associations between growth status, such as height z-score, weight z-score, and BMI z-score, and SES using GLM adjusted for sex and age. To test the significance of linear trends, SES group variable was used as a continuous variable. A P value < 0.05 was considered significant for 2-sided testing.
RESULTS
A total of 1654 children (853 boys and 801 girls), 921 children (487 boys and 434 girls) 1262 children (655 boys and 607 girls) aged between 10 and 18 were analyzed from the 1998, 2005, and 2009 KNHANES, respectively. The prevalence of overweight and obesity was 13.9% in 1998, 20.5% in 2005, and 16.8% in 2009. While a few statistically significant differences were found between years in low-middle and high SES group, no clear and statistically significant associations between SES and obesity were observed ( Table 1) . The linear regression analyses adjusting for sex and age also did not find any significant trend between SES and obesity (Table 2).
Height and weight showed a linear and positive relationship with SES in all three years ( Table 2 ). The trend was statistically significant in year 2005 and 2010 for height (p-trend = 0.001 and 0.004, respectively) and weight (p-trend = 0.05 and 0.04, respectively). No such significant relationship was found between BMI z-score and SES groups.
DISCUSSION
Using nationally representative data over the span of 10 years (1998-2009), this study investigated the relationship between SES and obesity in Korean children who aged 10 -18. Our findings did not support the previous findings that SES was related to the obesity. In previous studies, SES has been found to be associated with reduced or increased obesity risk depending on country's industrial growth status [9] [10] [11] [12] [13] [14] [15] [16] . In the United States, industrialized country, the high SES group was less likely to become obese than the lower SES group [10, 12, [14] [15] [16] . On the contrary, developing countries such as Brazil, China, and Russia have seen the positive association between SES level and risk of obesity [10, 12, 13] .
Although the association pattern between SES and obesity in Korea might have changed from the rapid socioeconomic development since 1960s, few studies were conducted to examine relationships between SES and obesity. Studies using the KNHANES reported different results about the association between SES and obesity by sex. For men and boys, SES level was positively associated with overweight [17, 18] or was not associated [24] . Among women, low SES group was associated with increased risk for overweight [17, 24] . A study with Korean adolescents (12 -18 years) also found the negative relationship between SES and obesity [19] . This study, however, used self-reported family's SES situation, height and weight rather than directly measured ones, therefore subjective emotions of adolescents might have been reflected in the negative relationships between SES and obesity. This study of children using measured height and weight found no significant associations between SES and obesity. However, the pattern of the association between SES and obesity in Korean children appeared to have changed over the past 10 years, although the association was not statistically significant. A U-shape was prevalent in 1998, but a N-shape was found in most sub-groups in 2005. The year of 2009 showed more diverse patterns of U-, N-, or ∩-shape. It remained to be seen whether the association pattern would be moving to that of the developed nations, a negative linear relationship, and maintain such pattern as seen in the US [25] .
Empirical studies investigating the mechanisms of associations between SES level and obesity are rare. A previous study [26] suggested shorter height among lower SES groups as a possible mechanism. This study also observed that height, along with weight, was significantly lower among lower SES group. These two positive associations perhaps resulted in no significant associations between SES and BMI (or obesity). It remains to be seen how the relationships of SES with height and weight would progress in Korea. If the relationship between SES and weight becomes negative, the kind of relationships between SES and obesity seen in developed countries would be observed.
This study was limited by using only one variable, household income, for SES, while other studies [15, 16] indicated that parental education was perhaps the most important factor among SES variables in relation to obesity. The dataset used in this study did not allow matching parent education information to each child.
This study examined the nature of associations between SES and obesity among Korean children from 1998 to 2009 and explored relationships of SES with height, weight, and BMI to understand possible mechanisms for associations between SES and obesity. No statistically significant associations were found; however, changes in association patterns were noted. The lower SES group showed shorter height as well as lighter weight among Korean children. Further studies would be needed to determine whether and how socioeconomic development would affect associations between SES and obesity.
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